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CROSSREFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of United States Provisional Patent 
Application, Serial No. 60/417,828, filed October 10, 2002, titled A CIRCUIT FOR 
CONVERTING A TRANSCEIVER CONTROLLER CHIP OUTPUT INTO AN 
APPROPRIATE INPUT SIGNAL FOR A HOST DEVICE which is hereby 
incorporated by reference. 



BACKGROUND OF THE INVENTION 
The Field of the Invention 

[0002] The invention relates generally to optoelectronic/optical transponders and 
particularly to optoelectronic/optical transponder modules including a controller chip 
that interprets signals differently than a host device. 
The Relevant Technology 

w ~ [0003] Digital data can be efficiently propagated through a fiber-optic cable using 
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^ fiber-optic cable, the data must be converted from optical data to electronic data so that 

it can received by a computer. 
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[0004] A transmitter optical subassembly (TOSA) is often used to convert 
electronic data to optical data for transmission on a fiber-optic cable. A TOSA uses the 
electronic data to drive a laser diode or light emitting diode to generate the optical data. 
When optical data is converted to electronic data, a receiver optical subassembly 
(ROSA) is used. The ROSA has a photo diode that, in conjunction with other circuitry, 
converts the optical data to electronic data. Because most computers both transmit and 
receive data, most computers need both a TOSA and a ROSA to communicate through 
fiber-optic cables. A TOSA and ROSA can be combined into an assembly generally 
referred to as a transponder. 

[0005] Optical transponders are used for receiving and transmitting data between 
electronic hosts such as computers using an optical network. Generally, optical 
transponders are located at the interface of an optical network and an electronic host to 
receive optical data from the network, convert the optical data to electronic data, and to 
pass on the electronic data to the host. Likewise, optical transponders also receive 
electronic data from the host, convert the electronic data to optical data, and transmit the 
optical data through an optical network to another host. Optical transponders 
commonly come in the form of a transponder module that can be mounted on a 
motherboard of a host. 

[0006] A controller chip located in the transponder module manages the data 
conversion between optical data and electronic data. One function of the controller chip 
is clock extraction, or extraction of a reference clock signal that is embedded in the 
data. Clock extraction allows the controller chip to provide the reference clock signal to 
the host device so that the data can be accurately read at appropriate times by the host 
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device. Another function of the controller chip is sampling the data. Once the clock is 
extracted and the data is sampled, the clock reference signal is used as a reference for 
converting the sampled data into synchronized data that can be easily read by the host 
device. This synchronized data is synchronized to the reference clock signal that is at a 
predetermined target frequency (e.g., 10 Gigabits per second). 

[0007] Although the target frequency of the incoming data is generally known, the 
controller chip must determine the exact moments at which data can be sampled to 
detect each data bit. To make this determination, the controller chip may use a phase- 
locked-loop (PLL) to "hunt" a range of frequencies in the incoming data stream to 
locate a signal. When the PLL is in hunting mode, the PLL searches within a 
predetermined frequency range that includes the target frequency. When the reference 
clock signal is found, the PLL locks onto the reference clock signal so that from that 
point on, data can be sampled regularly at the target frequency to read every data bit. 

[uuuoj iviaiiuiauiurcrs ui uic uunuuiicr ump may cuimgurc uic uuiiuuiici unip iu 
produce a logical "0" when the PLL hunting frequency is different from the target 
frequency of the incoming data, and to produce a logical "1" when the PLL hunting 
S 2 z frequency overlaps with the target frequency. This type of logic is commonly referred 
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second to 10.5 Gigabits per second, a logical "1" is produced for a short period of time 
at a regular interval, or each time the PLL oscillates through the target frequency of 10 
Gigabits per second. 
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[0009] Alternatively, manufacturers of the controller chip may configure the 
controller chip to produce a logical "1" when the hunting frequency is different than the 
target frequency and a logical "0" when the hunting frequency overlaps with the target 
frequency. This type of logic may commonly be referred to as "asserted low" and 
"deasserted high." The asserted logical value is the value indicating that the hunting 
frequency is at the target frequency whereas the deasserted logical value is the value 
indicating that the hunting frequency is not at the target frequency. In either case, the 
controller chip produces a number of false short lock signals, whether they be asserted 
high or low, in hunting mode that may be passed to the host device. The host device 
may misinterpret these signals. As such, the host device may try to read data from the 
controller chip when no valid data exits. 
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BRIEF SUMMARY OF THE INVENTION 

[0010] These and other limitations are overcome by the present invention which 
relates to systems and methods for interfacing between controller chips and host devices 
in fiber-optic transponders. 

[0011] Accordingly, in one embodiment of the invention, a fiber-optic transponder 
is configured to connect to a host device. The fiber optic transponder includes a 
controller chip that includes a phase locked loop. The phase locked loop operates in a 
hunting mode and a locked mode. In the hunting mode, the phase locked loop asserts a 
short synchronization signal when a hunting frequency passes through a data signal 
frequency. In locked mode, the controller chip produces a synchronization signal that is 
constant so long as the phase locked loop is locked onto the data signal. 

[0012] The fiber-optic transponder further includes a timing circuit that measures 
the period of time that a synchronization signal is asserted. If the synchronization 
signal is asserted for a sufficiently long period of time, the timing circuit produces a 
lock signal that is output for use by the host device. Advantageously, the short 
synchronization signals that may falsely indicate to the host device that the phase 
locked loop has locked onto a data signal can be filtered out. The synchronization 
signals caused by the phase locked loop locking onto a data signal last for a sufficiently 
long period of time that they are not filtered out by the timing circuit. 

[0013] In another embodiment of the invention, a fiber-optic transponder is 
configured to connect to a host device. The fiber optic transponder includes a controller 
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chip that includes a phase locked loop. The phase locked loop operates in a hunting 
mode and a locked mode. 

[0014] The fiber-optic transponder further includes a translation circuit that asserts a 
logic signal when a synchronization signal is asserted by the controller chip when the 
phase locked loop is locked onto a data signal. The translation circuit does not assert 
the logical signal when the synchronization signal is asserted when a hunting frequency 
passes through a data signal frequency in hunting mode. Advantageously, the 
translation circuit translates to synchronization signals asserted by the controller chip to 
an appropriate signal for use by the host device. Specifically, the translation circuit 
removes signals from the controller chip that may falsely indicate that the phase locked 
loop has locked onto a data signal frequency. 

[0015] In yet another embodiment of the invention, a method of mediating signals 
from a controller chip used in a fiber-optic transponder with a host device is disclosed. 
The method includes receiving an asserted synchronization signal from a phase locked 
loop, where the phase locked loop is incorporated on the controller chip. The method 
further includes determining if the synchronization signal is caused by the phase locked 
B z s loop when the phase locked loop has locked onto a data signal as opposed to a 

P § h „ I h synchronization signal caused by the phase locked loop passing a hunting frequency 
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to mediate signals output by a controller chip for use by a host device by removing 
signals output by the controller chip that may be misinterpreted by the host device. 
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[0016] These and other advantages and features of the present invention will 
become more fully apparent from the following description and appended claims or 
may be learned by the practice of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] To further clarify the above and other advantages and features of the present 
invention, a more particular description of the invention will be rendered by reference to 
specific embodiments thereof which are illustrated in the appended drawings. It is 
appreciated that these drawing depict only typical embodiments of the invention and 
are, therefore, not to be considered limiting of its scope. The invention will be 
described and explained with additional specificity and detail through the use of the 
accompanying drawings in which: 

[0018] Figure 1 depicts a section of an optical transponder module including a 
signal translation circuit in accordance with aspects of the present invention; 

[0019] Figure 2 depicts one embodiment of a signal translation circuit; 

[0020] Figure 3 depicts the functional relationships among components of the signal 
translation circuit of Figure 2; 

[0021] Figure 4 depicts an alternative embodiment of the signal translation circuit; 
and 

[0022] Figure 5 depicts a method of mediating signals from a phase locked loop 
with a host device. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0023] A transponder used in fiber-optic networks is configured to function as an 
interface for a host device for communicating on such a network. The transponder 
includes circuitry to receive optical signals and convert them to electronic signals for 
use by the host device. The transponder further includes circuitry to receive electronic 
signals from the host device and to convert them to optical signals that can be 
propagated onto a fiber-optic network. 

[0024] Some embodiments of the invention may be implemented in a transponder 
for translating or mediating signals internal to the transponder to the host device. The 
transponder is configured to connect to the host device, such as through a computer bus 
or by any other feasible method. The transponder includes a controller chip that has a 
phase locked loop (PLL) circuit that includes a hunting mode and a locked mode. The 
hunting mode searches a range of frequencies to lock onto a data signal received by the 
controller chip. While in hunting mode, the controller chip may briefly assert a short 
synchronization signal as the PLL hunting frequency passes through the frequency of 
the data signal. In lock mode, the controller chip asserts a constant synchronization 
S z - signal so long as the PLL is locked onto the data signal. 

Q K, - , H W < 
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z 8 « < £ - [0025] Embodiments of the transponder may also include timing circuitry. The 
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S 1 ° ° 2 § timing circuitry measures the period of time that a synchronization signal is asserted 
O < £ from the controller chip in the transponder. If the synchronization signal is asserted for 
at least some specific period of time, some embodiments of the invention assert a lock 
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signal that can be passed to the host device. False synchronization signals are not 
passed to the host device. 

[0026] Figure 1 schematically depicts an optical transponder section 10 including a 
translation circuit 12. A "translation circuit" as used herein, refers to a circuit that 
receives signals from a controller chip region 14 and translates the signals into signals 
that will be properly interpreted by a host device region 16. As shown in Figure 1, 
translation circuit 12 is located between controller chip region 14 and host device region 
16. 

[0027] In this example, controller chip region 14 includes a voltage source 20 
connected to the cathode of photodiode 22. Photo diode 22 receives optical signals, that 
include embedded clock signals, and generates electric signals. The electric signals are 
amplified by a trans-impedance amplifier 24 coupled to the anode of photodiode 22 to 
form a serial data input signal 34. Serial data input signal 34 and an external reference 
clock signal 28 from an external clock are fed into a phase locked loop (PLL) unit 30, 
which hunts for transitions (e.g., rising edges such as when a logical signal goes from 
low to high) in serial data input signal 34. Notably, in some embodiments of the 
invention the external reference clock can be omitted depending on the characteristics 
of the PLL used. 

[0028] Once a clock signal 36 is recovered from the serial data input signal 34, PLL 
unit 30 feeds recovered clock signal 36 into a demultiplexer 32. Recovered clock signal 
36 is used by demultiplexer 32 to convert the data in serial data input signal 34 into a 
parallel data signal 38 that is used by the host device. Namely, using extracted clock 



- Page 1 1 - 



Docket No. 15436.250.24.1 



signal 36, demultiplexer 32 can look at serial data input signal 34 at the appropriate 
times to read the serial data bits. These serial data bits can thus be appropriately 
extracted from the serial data input signal 34 and subsequently organized into parallel 
data where multiple signals are used to transfer the same data as was encoded on the 
serial data input signal with fewer bits per second on each of the parallel signals relative 
to the bits per second of the serial data input signal 34. PLL unit 30 also produces a 
synchronization signal V PL l that indicates when the PLL unit is at a target frequency or 
has locked onto a data signal. 

[0029] Figure 2 depicts one embodiment of translation circuit 12. The output V PL l 
from PLL unit 30 (see Figure 1) is fed into the non-inverting input 39 of an input level 
detector 40. In this particular embodiment, input level detector 40 is a differential 
voltage amplifier or a comparator. Input level detector 40 amplifies any difference 
between voltage signals input at non-inverting input 39 and inverting input 41. Input 
level detector 40 shown in Figure 2 has an almost infinite gain such that when the 
voltage at non-inverting input 39 is greater than the voltage at inverting input 41, the 
input level detector saturates, meaning that the output voltage is at its maximum value. 
This maximum value may be interpreted as a logical "high" or "1". Thus, by choosing 
a reference signal V R i that is lower than the expected logical "high" voltage of V PLL , 
and higher than the expected logical "low" voltage of V PLL , input level detector 40 will 
output a logical "high" value when the logical value of V PLL is high. In one 
embodiment, the reference signal V R i is about halfway between the expected logical 
"high" and the expected logical "low" of V PL l. The reference signal Vri is fed into 
inverting input 41 of input level detector 40. This reference signal may be determined 
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by a first applied voltage Vci and a voltage divider including resistors Rl and R2. 
Specifically, Rl and R2 are chosen such that a certain percentage of Vci is dropped by 
Rl and the remainder of Vci is dropped by R2. Thus by choosing appropriate values of 
Rl and R2, the reference signal fed into the inverting input 41 of input level detector 40 
may be chosen. The output of input level detector 40 is a logical "high" voltage which 
represents a logical "1" when the voltage at the non-inverting input exceeds the voltage 
at the inverting input. The output of input level detector 40, when at a logical "high," 
indicates that the PLL unit 30 is at the target frequency. 

[0030] The output of input level detector 40 is coupled to the base of transistor 42. 

Transistor 42 turns on when the output of input level detector 40 is low and turns off 

when the output of input level detector 40 is high. When transistor 42 is turned on, 

capacitor 44 charges and develops the maximum voltage across the capacitor very 

quickly because the capacitor 44 is at that time coupled to a positive power supply V C 2 

through the very low impedance of the transistor 42 in its on state. When transistor 42 

is turned off, such as when V PL l is at a logical "high" causing the output of input level 

detector 40 to be high, capacitor 44 discharges slowly through R4. The impedance of 

& R4 being higher than the impedance of the transistor in its "on" state causes capacitor 

w 

§ § > 00 44 to discharge at a much slower rate than the rate at which it charges. Charging 
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Z " g < b > capacitor 44 may be comparable to resetting a timer each time V PLL goes low. The 
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> | g 5 1 < transistor 42 may be used as a switch to reset the timer. Capacitor 44 discharging 
^ < " through R4 may be comparable to running a countdown timer. 

[0031] Capacitor 44 is coupled to the inverting input 45 of comparator 46. 
Comparator 46 is a differential amplifier similar to input level detector 40. Comparator 
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46 detects whether there is a signal by comparing the voltage level of capacitor 44 to 
Vref, which is coupled with its non-inverting input 47. Vref, may be generated in one 
embodiment, by using a voltage divider such as is shown in Figure 2. Comparator 46 
produces a "high" voltage, representing a "1" if the voltage at its inverting input 45 
drops below Vref- A comparator 46 output of "1" indicates to the host device that a 
data bit has been detected. 

[0032] When transistor 42 is turned off for at least a period time that is 
approximately equal to the amount of time it takes for capacitor 44 to discharge to a 
voltage that is less than Vref; comparator 46 will sense this reduction in charge and set 
the output of comparator 46 to "1", indicating to the host device that a signal has been 
detected. Due to the presence of capacitor 44, comparator 46 does not produce a "1" 
every time input level detector 40 produces a "1". Rather, comparator 46 produces a 
"1" only when the output of input level detector 40 lasts for a minimum period of time. 
The period of time may be specified by choosing appropriate values for resistor R4 and 
capacitor 44. Resistor R4 and capacitor 44 may be chosen so the time for capacitor 44 
to discharge to a level below Vref is longer than the duration of frequency overlap that 
occurs during hunting. The host device will receive a signal "1" only when PLL unit 30 
is "locked," or when the clock signal has been found. 

[0033] The loop from the output of comparator 46 to the non-inverting input of 
comparator 46 includes a positive feedback resistor R6 that provides a hysteresis 
mechanism. The hysteresis mechanism creates a threshold that should be met for 
switching from "0" to "1" and "1" to "0." For example, if the output to the host device 
is at a logical "1", the hysteresis mechanism may be designed to require that the voltage 
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across the capacitor 44 rise to a level, for example, lOOmV above Vre F before the 
comparator 46 changes logical states. The hysteresis mechanism may be necessary 
because noise can cause the differential voltage at the inverting and non-inverting inputs 
of comparator 46 to fluctuate rapidly. This rapid fluctuation at the inputs might cause 
undesirable output toggling at the output of comparator 46. 

[0034] Because the non-inverting input 39 of input level detector 40 has a high 
input impedance (e.g., 1 Tfi), the output impedance of the preceding system, such as 
PLL unit 30, has little effect on translation circuit 12. Likewise, the output of 
comparator 46 has a low impedance so that the succeeding system, such as the host 
device, will be able to receive the output signal. 

[0035] Figure 3 illustrates graphically the states of PLL unit 30, the output of input 
level detector 40, the state of transistor 42, the voltage of capacitor 44, and the output of 
comparator 46 in the embodiment of Figure 2. When PLL unit 30 hunts between 9.5 
GB and 10.5 GB for a signal at the 10 GB target frequency as shown at the top of 
Figure 3, the output of input level detector 40 becomes a logical "1" every time PLL 
unit 30 is searching at the 10 GB target frequency. In the example shown, the PLL unit 
30 searches in the 10 GB target frequency at times tl, t2, t3, and t4. Whenever the 
output of input level detector 40 is "1", transistor 42 turns off and causes capacitor 44 to 
discharge. However, because PLL unit 30 stays at the 10 GB frequency only briefly 
when it is hunting, capacitor 44 can discharge only a small amount before the transistor 
42 turns back on and charges the capacitor (i.e. resets the timer). As a result, capacitor 
44 does not discharge for a long enough duration to reach Vref (i.e. the threshold 
voltage to cause the comparator 46 output to saturate) while PLL unit 30 is hunting. 
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Because capacitor 44 does not reach V REF during hunting, comparator 46 generates a 
logical "0" until PLL unit 30 "locks." In this manner, the host device is prevented from 
receiving a false logical "1" every time the PLL unit 30 searches for a signal in the 
target frequency. 

[0036] At t5, when PLL unit 30 "locks" onto the embedded clock signal, PLL unit 
30 remains at 10 GB. The output of input level detector 40 remains at a logical "1", 
causing transistor 42 to remain turned off. When transistor 42 is turned off for a long 
enough period (t t h) capacitor 44 decays below Vref, which in turn causes comparator 46 
to produce a logical "1" state letting the host device know that a signal has been 
detected. This way, the host device does not get a false asserted lock signal at tl, t2, t3, 
and t4. Time t t h should be longer than the time interval between tl and t2, between t2 
and t3, etc. 

[0037] Various modifications are possible for the translation circuit 12 depicted in 
Figure 2 and Figure 3. For example, comparator 46 may not be necessary if the input 
characteristics of the host device that receives the output from comparator 46 include a 
sharp detection threshold. One of the purposes of comparator 46 is to convert a slow- 
changing signal (e.g., discharging capacitor 44) into an abrupt output ("1" or "0") by 
supplying a sharp detection threshold against which the slow-changing input signal is 
measured. Thus, if the host device component that receives signals from comparator 46 
has a sharp input, it can be used as a detection threshold, making comparator 46 
unnecessary. The lock signal may be the voltage across the capacitor 44 falling below a 
threshold level. In this case, the lock signal is asserted low. 



-Page 16- 



DocketNo. 15436.250.24.1 



[0038] Further, embodiments of the translation circuit may also eliminate the input 
level detector 40 and associated circuitry depending on the characteristics of the signal 
V PLL . Additionally, depending on the signals supplied by the PLL and required by the 
host device, the components shown in Figure 2 may be substituted for other appropriate 
components. For example, transistor 42 may be a NPN transistor that charges the 
capacitor when a "high" logical voltage signal is applied to the base instead of the PNP 
transistor shown that charges the capacitor when a "low" logical voltage is present at 
the base of the transistor. Further, the transistor 42 may be a field effect transistor 
(FET) instead of the bipolar junction transistor (BJT) shown. Various other 
modifications may also be implemented although not enumerated here. Some of these 
modifications are used to accommodate the different logical levels that may be used by 
PLL circuits and host devices. PLL circuits may supply or accept signals with logical 
levels such as TTL, LVTTL, H-CMOS TTL, LV H-CMOS TTL and other signals that 
have different signal requirements. The PLL circuits and host devices may also use or 
support devices with open collector outputs. The PLL circuits and host devices may not 
consistently use "asserted high" or "asserted low" logic such that an appropriate 
configuration of components should be used depending on the assertion levels of the 
logic. 

[0039] Figure 4 depicts an alternative embodiment of translation circuit 12 wherein 
the rapid charge mechanism and input level detector 40 of the previous embodiment are 
omitted. This alternative embodiment is useful when the duty cycle of the PLL unit 
output signal is sufficiently low during "hunting" that it can be easily distinguished 
from the "locked" state based on average signal alone. A comparator 70, which acts 
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similarly to comparator 46 of the embodiment in Figure 2, compares the voltages at its 
two inputs and outputs a signal 62 to a host device. The comparator 70 may be 
configured to assert a lock signal when the voltage V 2 at its non-inverting input is 
higher than the voltage Vref at its inverting input. The host device interprets an 
asserted lock signal from comparator 70 as a signal V PL l output from the PLL unit 30 
(see Figure 1). In this particular embodiment, a PLL unit output of a "0" indicates that 
the PLL unit 30 is at the target frequency and a PLL unit output of a "1" indicates that 
the PLL unit 30 is not at the target frequency. In other words, the PLL unit asserts low. 
The output from the PLL unit 30 feeds into translation circuit 12 through a node 74 and 
a resistor R7. In this example, V 2 > the voltage across capacitor 76, is the average 
voltage over time of V PL l. If the V PLL is mostly high, but occasionally low as it would 
be for a low asserted "hunting" signal then the average would be higher. However, if 
the V PLL signal is low for an extended period, as it is when "locked" then the average 
would become lower. Thus the comparator determines whether the average is low 
(locked) or high (hunting) by comparing it to Vre F . How long it takes to go from 
"hunting" to "locked" can be adjusted by changing the values of capacitor 76 and 
resistor R7. If the PLL unit 30 is "hunting", there will be more "l"s entering node 74 
O | * w § than when the PLL unit 30 is "locked" because a series of "0"s are generated when the 
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| h 5 S g PLL unit 30 is locked in this embodiment. The voltage Vref at the inverting input is set 

< 1 1 | h § so that Vref is higher than V 2 if the number of "0"s at node 74 exceeds a predetermined 

2 § < 8 8 ^ percentage of a data stream. Thus, if PLL unit 30 is locked and the number of "0"s in 
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the data stream exceeds the predetermined percentage, Vre F is higher than V 2 . When 
Vref is higher than V 2 , comparator 70 asserts a lock signal. On the other hand, if PLL 
unit 30 is hunting and the data stream includes many "l"s with intermittent "0"s, such 



- Page 18- 



DocketNo. 15436.250.24.1 



that the number of "0"s do not exceed the predetermined percentage, V REF is lower than 
V2, and comparator 70 does not assert a lock signal. The value of Vref is set by a 
fourth applied voltage V C 4 and by the resistances of R8 and R9 that together form a 
voltage divider. 

[0040] The capacitor 76 creates a time lag between when PLL unit 30 first begins to 
output "0"s and when V 2 drops below V RE f, at which point comparator 70 generates a 
signal detection notice. When the signal coming in from PLL unit 30 first begins to 
output a series of "0"s, capacitor 76 discharging raises the voltage V 2 so that V 2 is 
higher than V PLL . Only after PLL unit 30 stays at the target frequency long enough to 
take the capacitor voltage to Vref, is the comparator 70 triggered to generate a signal 
detection notice. 

[0041] The comparator 70 has a hysteresis mechanism similar to comparator 46 of 
Figure 2. The hysteresis mechanism includes the loop from the output of comparator 70 
to the non-inverting input of comparator 70 that includes a positive feedback resistor 
R10. As in the embodiment of Figure 2, this hysteresis mechanism is necessary to 
prevent signal toggling at the output of comparator 70 because capacitor 76 discharges 
S z = gradually while comparator 70 presents a sharp threshold. 

5 8^<£S [0042] While the above embodiments of the invention have illustrated the 
g 1 P I a I translation circuit 12 as embodying various analog timer circuits, other types of circuits 
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O < 3 may be used. For example, digital timing circuits can be used to distinguish between 
synchronization signals that are caused by a hunting frequency passing through a data 
signal frequency and synchronization signals that are caused by a phase locked loop 
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being locked onto a data signal. Further, the circuits do not necessarily have to be 
timing circuits, but may be other types of circuits such as those that examine frequency 
or phase response or other types of characteristics. 

[0043] Referring now to Figure 5 a method of mediating signals from controller 
chips used in a fiber-optic transponder with a host device is shown. Figure 5 includes 
receiving a synchronization signal from a phase locked loop (502). The 
synchronization signal may be one that is caused by the phase locked loop in a hunting 
mode passing through a data signal frequency as discussed above in conjunction with 
Figures 1 through 3. Alternatively, the synchronization signal may be one that is caused 
by the phase locked loop being locked onto a data signal. 

[0044] The method of Figure 5 then determines if the synchronization signal is 
caused by the phase locked loop when the phase locked loop has locked onto a data 
signal (504). In one embodiment this may include measuring the time that the 
synchronization signal is asserted and/or deciding that the synchronization signal is 
caused by the phase locked loop when the phase locked loop has locked on to a data 
signal if the synchronization signal is asserted for a least some specified period of time. 
B z z Determining if the synchronization signal is caused by the phase locked loop when the 
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8 § h w I h phase locked loop has locked onto a data signal (504) may be accomplished by using a 
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5 § 1 3 S o translation circuit such as translation circuit 12 shown in Figures 1, 2 and 4 or any other 
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2 i < § S 5 appropriate circuit. 
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[0045] If the synchronization signal is caused by the phase locked loop when the 
phase locked loop has locked onto a data signal, then a lock signal is output (506). The 
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lock signal may be one that is useful by a host device to which the transponder is 
connected. 

[0046] The method shown in Figure 5 may further include comparing the asserted 
synchronization signal with a reference signal to produce logical signals used for 
determining if the synchronization signal is caused by the phase locked loop when the 
phase locked loop has locked onto a data signal (504). Comparing the asserted 
synchronization signal to the reference signal may in one embodiment invention be 
accomplished by an input level detector such as the input level detector 40 shown in 
Figure 12. 

[0047] The method shown in figure 5 may further include comparing the lock signal 
with a reference signal to produce a logical signal useful by host device coupled to the 
fiber-optic transponder. Comparing the lock signal with a reference signal may be 
accomplished by using a comparator. 

[0048] The method shown in Figure 5 may further include changing the logical 
level of the logical signal useful by a host device when the value of the lock signal 
changes by some value greater than a hysteresis threshold value. As described above, 
this helps to prevent noise from causing a change in the logical level of the logical 
signal useful by a host device. 

[0049] The present invention may be embedded in other specific forms without 
departing from its spirit or essential characteristics. The described embodiments are to 
be considered in all respects only as illustrative and not restrictive. The scope of the 
invention is, therefore, indicated by the appended claims rather than by the foregoing 
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description. All changes which come within the meaning and range of equivalency of 
the claims are to be embraced within their scope. 
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